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LIQUID CRYSTAL DISPLAY DEVICE, 
TELEVISION RECEIVER, AND LIGHTING 

DEVICE 

TECHNICAL FIELD 

The present invention relates to a liquid crystal display 
device including a liquid crystal display panel and a backlight 
(lighting device). More specifically, the present invention 
relates to a liquid crystal display device which controls light 
from a backlightinaccordance with a display image so that an 
observer more clearly feels contrast. 

BACKGROUND ART 

A liquid crystal display device is characterized by its thin 
ness, low power consumption, high definition and the like, 
and, as a production technique of the liquid crystal display 
device has been developed, it becomes possible to manufac 
ture a large-screen liquid crystal display device. Conse 
quently, the liquid crystal display device becomes popular in 
a television field which has been occupied mainly by a cath 
ode ray tube (CRT). 

However, due to a display method of the liquid crystal 
display device, an image displayed in the liquid crystal dis 
play device has such a problem that the observer less clearly 
feels its contrast (low dynamic range) than that of CRT. In 
view of this problem, techniques for improving image quality 
have been actively developed in recent years. 

For example, Patent Literature 1 discloses a liquid crystal 
display device including: a lighting section including a plu 
rality of lighting regions for lighting the inside of an image 
display section; a light luminance control section for control 
ling aluminance of each lighting region of the lighting section 
in accordance with an input image signal; and an image signal 
conversion section for converting the input image signal in 
accordance with luminance information of each lighting 
region. 

This liquid crystal display device increases a luminance of 
light for a display region (lighting region) containing a large 
amount of bright image information and adversely decreases 
a luminance of a light for a display region (lighting region) 
containing a large amount of dark image information, in 
accordance with an input image signal. Thereby, contrast of 
an entire Screen of the liquid crystal display device can be 
more clearly felt (thereby its dynamic range is enhanced). 

Further, in the liquid crystal display device, since a lumi 
nance of light is changed for each lighting region, a lumi 
nance of a display image varies between the lighting regions 
if the input image signal is inputted to a liquid crystal panel 
with its grayscale unadjusted. For this reason, in the technique 
of Patent Literature 1, the input image signal is converted in 
accordance with a light luminance for each lighting region 
and then is inputted to the liquid crystal panel. This reduces 
the variation of the same luminance of the display image 
between the respective lighting regions. 

Further, in the liquid crystal display device, cross talk 
between the lighting regions causes not only light from a 
lighting region beneath a certain pixel of the liquid crystal 
panel but also light from an adjacent lighting region to be 
Superimposed on light for the foregoing pixel (cross talk of 
light is generated). That is, incoming of the light from the 
adjacent lighting region causes an actual luminance of light to 
deviate from a light luminance level for each lighting region 
which light luminance level has been used to generate a 
conversion image signal. This generates an error in the lumi 
nance of the display image. Therefore, in the technique of 
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2 
Patent Literature 1, in order to compensate the error of the 
display image due to a deviation of the actual luminance of 
light from the light luminance level, a grayscale level of a final 
conversion image signal is generated by use of a correction 
look-up table in which correction table data corresponding to 
a combination of a light luminance level of a certain lighting 
region and a light luminance level of an adjacent lighting 
region is stored. 
Citation List 

Patent Literature 1 
Japanese Patent Application Publication, Tokukai, No. 

2002-99250 A (Publication Date: Apr. 5, 2002) 
Non Patent Literature 1 
Satoru KUBOTA and four others, “Television viewing 

conditions at home’, Journal of the Institute of Image Infor 
mation and Television Engineers, Vol. 60, No. 4, pp. 597-603, 
2006 

SUMMARY OF INVENTION 

However, in the technique of Patent Literature 1, although 
the correction look-up table is used to correct the error of the 
display image due to spatial distribution of the light lumi 
nances, which spatial distribution is generated due to cross 
talk of light between the lighting regions, this method may fail 
to appropriately correct the error of the display image as 
described below. 

(a) of FIG. 19 is a view schematically illustrating an 
example of a display region of a liquid crystal display panel, 
and (b) of FIG. 19 is a view schematically illustrating an 
example of a lighting region of a backlight unit. In the 
example of (a) of FIG. 19, a display screen is divided into 
eight pieces in a horizontal direction, and the display screenis 
divided into six pieces in a vertical direction, and in (b) of 
FIG. 19, the lighting region is divided into four pieces in a 
horizontal direction, and the lighting region is divided into 
three pieces in a vertical direction. A lighting region 2.2 is 
disposed directly below display regions (3.3), (3,4), (4.3), and 
(4.4). Further, a luminance of each lighting region is set to be 
any one of 1 through 3 luminance levels. Note that, configu 
rations respectively illustrated in FIG. 19 and below-ex 
plained FIGS. 20 and 21 were devised by the inventors of the 
present invention to explain problems of the technique of 
Patent Literature 1. These configurations have not been pub 
licly known. 

In the examples respectively illustrated in (a) and (b) of 
FIG. 19, the display regions (3.3), (3,4), (4.3), and (4.4), 
which correspond to the lighting region (2.2), are white dis 
play and the other display regions are black display. In this 
case, a luminance level of the lighting region (2.2) is set to be 
3 (maximum luminance level), and aluminance level of each 
of the other lighting regions is set to be 1 (minimum lumi 
nance level). Further, a conversion image signal inputted to 
the liquid crystal panel is such that the display regions (3.3), 
(3,4), (4.3), and (4.4) are white display, that is, a maximum 
grayscale, and the other display regions are black display, that 
is, a minimum grayscale. 

(a) of FIG. 20 is a graph showing an actual luminance of 
each lighting region in a case where a luminance of each 
lighting region is set to be a luminance level of (b) of FIG. 19. 
Further, (b) of FIG. 20 is a graph showing a luminance of the 
conversion image signal for each display region in a case 
where display corresponding to (a) of FIG. 19 is carried out. 

Further, (c) of FIG. 20 is a graph showing spatial distribu 
tion of luminances in a case where an image displayed in a 
VA-mode liquid crystal display device is viewed from the 
front thereof (from a direction vertical to a display screen) 
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while the luminance level of each lighting region is set in the 
same manner as in (a) of FIG. 20 and the conversion image 
signal for each display region is set in the same manner as in 
(b) of FIG. 20. Note that, contrast CR of the liquid crystal 
panel in the case where the VA-mode display device is viewed 
from its front is 1900. Further, in (c) of FIG. 20, a graph in an 
upper part and a graph in a lower part show the same data in 
Such a manner that a vertical axis range is changed. Further, a 
dashed line of (c) of FIG. 20 shows spatial distribution of 
luminances observed in a case where the same image is dis 
played in a liquid crystal display device in which aluminance 
of a backlight is not controlled (a liquid crystal display device 
in which luminances of the respective lighting regions are 
uniformly set) and the displayed image is viewed from its 
front. 
As illustrated in (c) of FIG. 20, in the liquid crystal display 

device in which the luminance of the backlight is not con 
trolled, luminances of the respective lighting regions are uni 
form, so that a display luminance of the black display part is 
determined only by the contrast CR of the liquid crystal panel. 
Meanwhile, in the liquid crystal display device in which a 
luminance of a backlight is controlled (in a liquid crystal 
display device in which aluminance of each lighting region is 
controlled), aluminance of a black display part is determined 
by the contrast CR of the liquid crystal panel and spatial 
distribution of a light luminance of the backlight, so that it is 
possible to effectively improve the contrast. However, on the 
other hand, the luminance of the black display part of the 
image displayed in the liquid crystal display device varies 
depending on a position (distance from the white display 
part). As the position is further away from the white display 
part, the luminance becomes lower. 
A human visual characteristic is such that a luminance 

difference in a dark part is perceived as being greater than a 
luminance difference in a bright part. Therefore, if a lumi 
nance difference occurs depending on a position in the black 
display part, such a luminance difference is likely to be per 
ceived by a human, so that the luminance difference is likely 
to be recognized as a defective image. 

Further, (a) of FIG. 21 is a graph showing an example of a 
relationship between a viewing angle and contrastina general 
VA-mode liquid crystal display panel, and (b) of FIG. 21 is a 
graph showing an example of a relationship between a view 
ing angle and contrast in a general IPS-mode liquid crystal 
display panel. As shown in these graphs, in the liquid crystal 
panel, contrast varies depending on a viewing angle, and 
contrast drops as the viewing angle more greatly inclines. 
A dashed line of (d) of FIG. 20 is a graph showing spatial 

distribution of luminances observed in a case where the same 
image as in (c) of FIG. 20 is viewed at a viewing angle of 60° 
(from a direction whose angle is horizontally 60° with respect 
to a direction vertical to a screen Surface). Note that, contrast 
CR' of the liquid crystal panel in a case where the VA-mode 
liquid crystal display device is viewed at a viewing angle of 
60° is 210. Further, as shown by the continuous line of the 
graph of (c) of FIG. 20, a continuous line of (d) of FIG. 20 is 
a graph showing spatial distribution of luminances in a case 
where the image is viewed from its front. Note that, an upper 
part and a lower part of (d) of FIG. 20 show the same data in 
Such a manner that its vertical range is changed. 
As shown in (d) of FIG. 20, when the liquid crystal panel is 

viewed from an oblique direction, a luminance difference 
depending on a position in the black display part becomes 
greater due to a reduction in contrast of the liquid crystal 
panel, so that the observer feels that defectiveness of the 
image increases as compared with the case where the image is 
viewed from the front direction. 
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4 
The present invention is made in view of the foregoing 

problem, and an object of the present invention is, in a liquid 
crystal display device which controls a light luminance in 
accordance with a lighting region, to cause a reduction in 
contrast due to spatial distribution of light luminances, which 
spatial distribution is generated due to cross talk between 
lighting regions, to be less perceivable to an observer posi 
tioned in an oblique viewing direction (horizontal viewing 
direction). 

In order to attain the object, a liquid crystal display device 
of the present invention includes: a liquid crystal display 
panel; lighting means including a plurality of lighting regions 
for lighting the liquid crystal display panel; driving means for 
driving the liquid crystal display panel so that an image is 
displayed in accordance with an input image signal; and light 
control means for controlling a luminance of each of the 
plurality of lighting regions of the lighting means, in accor 
dance with the input image signal, each of the lighting regions 
having a smaller width in a left-and-right direction of a dis 
play screen of the liquid crystal display panel than in an 
up-and-down direction of the display screen. 

With the arrangement, each of the lighting regions is 
arranged to have a smaller width in the left-and-right direc 
tion than in the up-and-down direction. Thereby, it is possible 
to cause a part between the lighting regions, where cross talk 
occurs, to spread less greatly in the left-and-right direction 
than in the up-and-down direction. Therefore, it is possible to 
(i) cause a reduction in contrast due to spatial distribution of 
light luminances, which spatial distribution is generated due 
to cross talk between lighting regions, to be less perceivable 
to an observer positioned in a wide viewing angle range in the 
left-and-right direction, and thereby (ii) provide the observer 
with a high quality image. 

Further, the liquid crystal display device may be configured 
so that the lighting means has an effective lighting region of a 
rectangle shape, the lighting means emits light, toward the 
liquid crystal display panel, from the effective lighting region 
in which the plurality of lighting regions are disposed in 
matrix, and havxH/V, where V is a length of the effective 
lighting region in the up-and-down direction, H is a length of 
the effective lighting region in the left-and-right direction, V is 
the number of the plurality of lighting regions disposed in the 
up-and-down direction, and his the number of the plurality of 
lighting regions disposed in the left-and-right direction. 

With the arrangement, each of the lighting regions can have 
a smaller width in the left-and-right direction than in the 
up-and-down direction. Therefore, it is possible to (i) cause a 
reduction in contrast due to spatial distribution of light lumi 
nances, which spatial distribution is generated due to cross 
talk between lighting regions, to be less perceivable to an 
observer positioned in a wide viewing angle range in the 
left-and-right direction, and thereby (ii) provide the observer 
with a high quality image. 

Furthermore, the liquid crystal display device may be con 
figured so that the lighting means includes a light source unit 
in each of the plurality of lighting regions, and the light 
control means controls the luminance of each of the plurality 
of lighting regions by controlling light intensity of the light 
Source unit included in each of the plurality of lighting 
regions. 

With the arrangement, it is possible to control the lumi 
nance of each of the plurality of lighting regions by control 
ling the light intensity of the light Source unit included in each 
of the plurality of lighting regions. Thereby, it is possible to 
control the luminance of each of the plurality of lighting 
regions easily and accurately. 
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Further, the liquid crystal display device may be configured 
so that the lighting means includes a plurality of the light 
Source units in each of the plurality of lighting regions. 

In a case where the light source units and the lighting 
regions correspond to each other one by one, it is necessary to 
cause a cycle at which the light Source units are disposed to 
coincide with a cycle at which the lighting regions are dis 
posed, for the purpose of causing each of the lighting regions 
to have a smaller width in the left-and-right direction than in 
the up-and-down direction. On the other hand, with the 
arrangement described above, each of the lighting regions 
includes the plurality of light source units. Therefore, it is 
unnecessary to cause the cycle at which the light source units 
are disposed to coincide with the cycle at which the lighting 
regions are disposed. Therefore, it is possible to more freely 
design the lighting means. 

Further, the liquid crystal display device may be configured 
so that the light source unit is an LED. 

With the arrangement, by controlling an amount of a cur 
rent supplied to the LED, it is possible to control the light 
intensity of the light Source unit easily and accurately. 

Furthermore, the liquid crystal display device may further 
includes: luminance distribution calculation means for calcu 
lating, in accordance with the luminance set by the light 
control means for each of the plurality of lighting regions, 
luminance distribution of light entering from the lighting 
means into the liquid crystal display panel while taking into 
consideration of cross talk of light between the plurality of 
lighting regions; and grayscale conversion means for convert 
ing, in accordance with the luminance distribution calculated 
by the luminance distribution calculation means, the input 
image signal into a conversion image signal so that an influ 
ence of the cross talk on a display image is reduced, the 
driving means driving the liquid crystal display panel so that 
an image is displayed in accordance with the conversion 
image signal. 
The luminance that the observer feels with an image dis 

played on the liquid crystal display panel is determined by (i) 
luminance distribution of emitted light and (ii) aluminance of 
an image signal for driving the liquid crystal display panel. 
With the arrangement described above, a conversion image 
signal is generated so that an influence of cross talk of the 
light on a display image is Suppressed, and an image is dis 
played on the liquid crystal display panel in accordance with 
the conversion image signal. Thereby, it is possible to further 
suppress the influence of the cross talk of the light. 
A television receiver of the present invention includes 

receiving means for receiving a television broadcast, and a 
liquid crystal display device according to any one of claims 1 
through 6, and the liquid crystal display device is arranged to 
display an image in accordance with the television broadcast 
received by the receiving means. 
Non Patent Literature 1 describes such an investigation 

report that television viewing angles at ageneral home widely 
distribute within a range of +60° in a horizontal direction 
(left-and-right direction) and +30° in a vertical direction (up 
and-down direction). That is, under a general television view 
ing condition, an observer is likely to feel defectiveness of an 
image in horizontal viewing angles rather than in Vertical 
viewing angles, which defectiveness is caused due to a lumi 
nance difference depending on a position of a black display 
part. 

With the arrangement, each of the lighting regions has a 
smaller width in the left-and-right direction than in the up 
and-down direction, so that it is possible to cause a part 
between the lighting regions, where the cross talk occurs, to 
spread narrower in the left-and-right direction than in the 
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6 
up-and-down direction. Thereby, it is possible to (i) cause a 
reduction in contrast due to spatial distribution of light lumi 
nances, which spatial distribution is generated due to cross 
talk between lighting regions, to be less perceivable to an 
observer positioned in a wide viewing angle range in the 
left-and-right direction, and thereby (ii) provide the observer 
with a high quality image. This allows the observer to view a 
high quality image of a television broadcast. 
A lighting device of the present invention includes a plu 

rality of lighting regions for lighting regions of a liquid crystal 
panel, respectively, each of the plurality of lighting regions 
having a smaller width in a left-and-right direction of a dis 
play screen of the liquid crystal display panel than in an 
up-and-down direction of the display screen. 

With the arrangement, each of the lighting regions has a 
smaller width in the left-and-right direction than in the up 
and-down direction, so that it is possible to cause a part 
between the lighting regions, where the cross talk occurs, to 
spread narrower in the left-and-right direction than in the 
up-and-down direction. Thereby, it is possible to (i) cause a 
reduction in contrast due to spatial distribution of light lumi 
nances, which spatial distribution is generated due to cross 
talk between lighting regions, to be less perceivable to an 
observer positioned in a wide viewing angle range in the 
left-and-right direction, and thereby (ii) provide the observer 
with a high quality image. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 
FIG. 1 is a view schematically illustrating a configuration 

of a liquid crystal display device in accordance with an 
embodiment of the present invention. 
FIG 2 
FIG. 2 is a view schematically illustrating a configuration 

of a backlight unit provided to the liquid crystal display 
device illustrated in FIG. 1. 
FIG 3 
FIG. 3 is a block diagram schematically illustrating the 

configuration of the liquid crystal display device illustrated in 
FIG 1. 

FIG. 4 
FIG. 4 is a graph showing luminance distribution around a 

certain lighting region which luminance distribution is 
observed when an LED of only the certain lighting region is 
turned on in the liquid crystal display device illustrated in 
FIG 1. 
FIG.S 
FIG. 5 is a graph showing an example of a relationship 

between the number of pieces obtained by dividing the light 
ing region and cross talk. 

FIG. 6 
FIG. 6 is a view schematically illustrating a configuration 

of a liquid crystal display device in accordance with Com 
parative Example 1. 

FIG. 7 
FIG. 7 is a view schematically illustrating a backlight unit 

provided to the liquid crystal display device illustrated in FIG. 
6. 
FIG.8 
FIG. 8 is a graph showing luminance distribution around a 

certain light region which luminance distribution is observed 
when an LED of only the certain lighting region is turned on 
in the liquid crystal display device illustrated in FIG. 6. 
FIG.9 
FIG. 9 is a graph showing luminance distribution around a 

certain lighting region which luminance distribution is 
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observed when an LED of only the certain lighting region is 
turned on in the liquid crystal display device illustrated in 
FIG. 1 and in the liquid crystal display device illustrated in 
FIG. 6. 
FIG 10 
FIG. 10 is a graph showing luminance distribution, in a 

viewing angle direction whose angle is 60° with respect to a 
horizontal direction, around a certain lighting region, when 
an LED of only the certain lighting region is turned on in the 
liquid crystal display device illustrated in FIG. 1 and in the 
liquid crystal display device illustrated in FIG. 6. 
FIG 11 
FIG. 11 is a view schematically illustrating a configuration 

of a liquid crystal display device in accordance with another 
embodiment of the present invention. 

FIG. 12 
FIG. 12 is a view schematically illustrating a configuration 

of a backlight unit provided to the liquid crystal display 
device illustrated in FIG. 11. 

FIG. 13 
FIG. 13 is a graph showing luminance distribution around 

a certain lighting region which luminance distribution is 
observed when an LED of only the certain lighting region is 
turned on in the liquid crystal display device illustrated in 
FIG 11. 

FIG. 14 
FIG. 14 is a view schematically illustrating a configuration 

of a liquid crystal display device in accordance with Com 
parative Example 2. 

FIG. 15 
FIG. 15 is a view schematically illustrating a configuration 

of a backlight unit provided to the liquid crystal display 
device illustrated in FIG. 14. 

FIG 16 
FIG. 16 is a graph showing luminance distribution around 

a certain lighting region which luminance distribution is 
observed when an LED of only the certain lighting region is 
turned on in the liquid crystal display device illustrated in 
FIG 14. 

FIG. 17 
FIG. 17 is a graph showing luminance distribution around 

a certain lighting region which luminance distribution is 
observed when an LED of only the certain lighting region is 
turned on in the liquid crystal display device illustrated in 
FIG. 11 and in the liquid crystal display device illustrated in 
FIG 14. 

FIG. 18 
FIG. 18 is a graph showing luminance distribution, in a 

viewing angle direction whose angle is 60° with respect to a 
horizontal direction, around a certain lighting region, which 
luminance distribution is observed when an LED of only the 
certain lighting region is turned on in the liquid crystal display 
device illustrated in FIG. 11 and in the liquid crystal display 
device illustrated in FIG. 14. 

(a) of FIG. 19 
(a) of FIG. 19 is a view schematically illustrating an 

example of a divided display region of a conventional liquid 
crystal display device. 

(b) of FIG. 19 
(b) of FIG. 19 is a view schematically illustrating an 

example of divided lighting region of a conventional liquid 
crystal display device. 

(a) of FIG. 20 
(a) of FIG. 20 is a graph showing an example of luminance 

distribution around a certain lighting region which luminance 
distribution is observed when an LED of only the certain 
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8 
lighting region is turned on in the liquid crystal display device 
illustrated in (a) of FIG. 19 and (b) of FIG. 19. 

(b) of FIG. 20 
(b) of FIG. 20 is a graph showing an example of a lumi 

nance of a conversion image signal for each display region of 
the liquid crystal display device illustrated in (a) of FIG. 19 
and (b) of FIG. 19. 

(c) of FIG. 20 
(c) of FIG. 20 is a graph showing spatial distribution of 

luminances observed in a case where an image displayed on 
a VA-mode liquid crystal display device is viewed from its 
front when a luminance level of each lighting region is set as 
in (a) of FIG. 20 and a conversion image signal for each 
display region is set as in (b) of FIG. 20. 

(d) of FIG. 20 
(d) of FIG. 20 is a graph showing spatial distribution of 

luminances observed in a case where the same image as in (c) 
of FIG. 20 is viewed from a viewing angle direction whose 
angle is 60°. 

(a) of FIG. 21 
(a) of FIG. 21 is a graph showing an example of a relation 

ship between a viewing angle direction and contrast in a 
VA-mode liquid crystal panel. 

(b) of FIG. 21 
(b) of FIG. 21 is a graph showing an example of a relation 

ship between a viewing angle direction and contrast in an 
IPS-mode liquid crystal panel. 

(a) of FIG. 22 
(a) of FIG. 22 is an explanatory view illustrating a cross 

section along a horizontal direction of the liquid crystal panel 
and the backlight unit both of which are included in the liquid 
crystal display device illustrated in FIG. 1. 

(b) of FIG. 22 
(b) of FIG. 22 is an explanatory view illustrating a cross 

section along a vertical direction of the liquid crystal panel 
and the backlight unit both of which are included in the liquid 
crystal display device illustrated in FIG. 1. 

(a) of FIG. 23 
(a) of FIG. 23 is an explanatory view illustrating a cross 

section along a horizontal direction of the liquid crystal panel 
and the backlight unit both of which are included in the liquid 
crystal display device illustrated in FIG. 11. 

(b) of FIG. 23 
(b) of FIG. 23 is an explanatory view illustrating a cross 

section along a vertical direction of the liquid crystal panel 
and the backlight unit both of which are included in the liquid 
crystal display device illustrated in FIG. 11. 

Reference Signs List 

100 Liquid crystal display device 
110 Liquid crystal panel 
120 Backlight unit 
121 Substrate 
122 LED 
123 Optical member 
124 Lighting region 
130 Control section 
131 Maximum grayscale level detection section 
132 Light control section 
133 Luminance distribution calculation section 
134 Grayscale conversion section 
135 Liquid crystal driving section 
200 Liquid crystal display device 
210 Liquid crystal panel 
220 Backlight unit 
224 Lighting region 
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DESCRIPTION OF EMBODIMENTS 

Embodiment 1 
One embodiment of the present invention is described 

below. FIG. 1 is a view schematically illustrating a configu 
ration of a liquid crystal display device 100 in accordance 
with the present embodiment. As illustrated in FIG. 1, the 
liquid crystal display device 100 includes a liquid crystal 
panel 110 and a backlight unit 120. Further, the liquid crystal 
display device 100 is provided to a television receiver and 
displays an image of a television broadcast (input image 
signal) received by a receiving device (not illustrated). 
The liquid crystal panel 110 is an IPS-mode liquid crystal 

panel. However, any transmissive liquid crystal panel may be 
used as the liquid crystal panel 110 as long as the transmissive 
liquid crystal panel can carry out multiple grayscale display. 
For example, it is possible to adopt a liquid crystal panel in 
another mode such as a TN mode, a VA mode, an OCB mode, 
or the like. Note that, a conventionally known liquid crystal 
panel can be used as the liquid crystal panel, so that explana 
tions thereof are omitted here. 
A screen size of the liquid crystal panel 110 is 37 inch, and 

a ratio of a length in a vertical direction (an up-and-down 
direction with respect to a display screen of the liquid crystal 
panel 110) and a length in a horizontal direction (a left-and 
right direction with respect to the display screen of the liquid 
crystal panel 110) under a standard installation condition in 
use is 9:16. Accordingly, an effective display size of the liquid 
crystal panel 110 is 460.8 mm in the vertical direction and 
819.2 mm in the horizontal direction. 

FIG. 2 is a view schematically illustrating a configuration 
of the backlight unit 120. As illustrated in FIG. 2, the back 
light unit 120 includes a substrate 121 and an optical member 
123. 
A large number of LEDs 122 are disposed on the substrate 

121, and these LEDs 122 constitute a large number of lighting 
regions 124. Note that, a material for the substrate 121 is not 
particularly limited as long as the material is So rigid as to 
support the LEDs 122. 
The optical member 123 is arranged such that functional 

members such as a diffusing plate, a prism sheet, and the like 
(which are not illustrated) overlap each other, and is provided 
on a surface of the substrate 121, which surface is on a liquid 
crystal panel 110 side. 
As in the liquid crystal panel 110, an effective lighting size 

of the backlight unit 120 is 460.8 mm in the vertical direction 
and 819.2 mm in the horizontal direction. 

Note that, in the present embodiment, the effective lighting 
region of the backlight 120 is divided into 9 pieces in the 
vertical direction and is divided into 18 pieces in the horizon 
tal direction, thereby forming 162 lighting regions 124. 
Accordingly, a size of each lighting region 124 is 51.2 mm in 
the vertical direction and 45.51 mm in the horizontal direc 
tion. In this manner, in the present embodiment, each lighting 
region has a smaller width in the horizontal direction than in 
the vertical direction. Note that, each lighting region 124 
includes a single LED 122 thereon. 

FIG. 3 is a block diagram Schematically illustrating a con 
figuration of the liquid crystal display device 100. As illus 
trated in FIG.3, the liquid crystal display device 100 includes 
a control section 130 for controlling operations of the liquid 
crystal panel 110 and the backlight unit 120. The control 
section 130 adjusts a light luminance level of each lighting 
region 124, i.e., light emission intensity of each LED 122 in 
accordance with a grayscale level of each pixel included in a 
display region corresponding to each lighting region 124 
which grayscale level is indicated by an input image signal. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
Further, in accordance with (i) the grayscale level of each 
pixel which grayscale level is indicated by the input image 
signal and (ii) the light luminance level of each lighting region 
124, the control section 130 converts the input image signal 
into a conversion image signal So that a reduction in contrast 
due to cross talk between the lighting regions is Suppressed. 
The control section 130 drives the liquid crystal panel 110 in 
accordance with the conversion image signal thus generated. 
Because of this, it is possible to, out of the entire screen, (i) 
increase a light luminance of a lighting region 124 corre 
sponding to a part including a large amount of bright image 
information, and (ii) decrease a light luminance of a lighting 
region 124 corresponding to a part including a large amount 
of dark image information. Thereby, it is possible to realize 
high quality display whose contrast is effectively improved. 

Specifically, the control section 130 includes a maximum 
grayscale level detection section 131, a light control section 
132, aluminance distribution calculation section 133, a gray 
scale conversion section 134, and a liquid crystal driving 
section 135, as illustrated in FIG. 3. 
The maximum grayscale level detection section 131 

detects a maximum grayscale level S of each display region in 
accordance with an input image signal for a pixel included in 
the display region corresponding to each lighting region 124. 
That is, the maximum grayscale level detection section 131 
detects a maximum grayscale level S(m, n) of an input image 
signal in a display region disposed in an m-th column and in 
an n-th row (in the present embodiment, 'm' is an integer not 
less than 1 but not more than 9, and “n” is an integer not less 
than 1 but not more than 18). 
The light control section 132 sets a light luminance I of 

each lighting region 124 in accordance with the maximum 
grayscale level of each display region which maximum gray 
scale level has been detected by the maximum grayscale level 
detection section 131. The light control section 132 controls 
a current Supplied from power source means (not illustrated) 
to each LED 122 in accordance with the light luminance I thus 
set, thereby controlling light emission intensity of each LED 
122. In this manner, a light luminance for each lighting region 
124 can be controlled in accordance with an input image 
signal. 

Specifically, the light control section 132 sets the light 
luminance I (m, n) of the LED 122 in a lighting region 
disposed in the m-th column and the n-th row on the basis of 
the following equation (1). 

In this equation, Imax is a maximum light luminance of the 
LED 122, Smax is a possible maximum grayscale level of the 
input image signal, S(m, n) is a maximum grayscale level of 
the input image signal within the display region disposed in 
the m-th column and the n-th row, and Y is a coefficient 
(generally, 2.2). 
The luminance distribution calculation section 133 inte 

grates a light intensity I (m, n) (p, q) in a pixel, positioned in 
a p-th column and a q-throw, which light intensity is observed 
due to turning-on of the lighting region positioned in the m-th 
column and the n-th row, when the lighting region positioned 
in the m-th column and the n-th row is turned on with a 
luminance I (m, n), in accordance with the light luminance I 
of each lighting region which light luminance has been set by 
the light control section 132. In this manner, the luminance 
distribution calculation section 133 calculates light lumi 
nances I (p,q) for all the pixels. 

Specifically, the luminance distribution calculation section 
133 calculates the luminance distribution I (p, q) in accor 
dance with the following equation (2). 
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(2) 

The grayscale conversion section 134 converts an image 
input signal into a conversion image signals in accordance 
with the luminance distribution I (p, q) which has been cal 
culated by the luminance distribution calculation section 133. 

Specifically, the grayscale conversion section 134 gener 
ates the conversion image signals in accordance with the 
following equation (3). 

In this equation, S (p, q) is an input image signal for a pixel 
positioned in a p-th column and a q-th row, and s (p,q) is a 
conversion image signal for the pixel positioned in the p-th 
column and the q-th row. 
The liquid crystal driving section 135 drives the liquid 

crystal panel 110 so that an image based on the conversion 
image signals generated by the grayscale conversion section 
134 is displayed. Note that, a conventionally known liquid 
crystal driving device can be used as the liquid crystal driving 
section 135, so that explanations thereof are omitted here. 
As described above, in the present embodiment, a size of 

each lighting region 124 has a Smaller width in the horizontal 
direction than in the vertical direction. That is, in a case where 
a vertically spatial size (length) of each lighting region 124 is 
bl (V) and a horizontally spatial size (length) of each lighting 
region 124 is bl (H), the size of each lighting region 124 is set 
so as to satisfy such a relationship that bl (V)>bl (H). This 
makes it possible to provide an observer positioned in a wide 
viewing angle range in a horizontal direction, with a high 
quality image in which a reduction in contrast is Suppressed. 

(a) of FIG. 22 is an explanatory view illustrating cross 
sections of the liquid crystal panel 110 and the backlight unit 
120 in a horizontal direction of the liquid crystal display 
device 100. (b) of FIG. 22 is an explanatory view illustrating 
cross sections of the liquid crystal panel 110 and the backlight 
unit 120 in a vertical direction of the liquid crystal display 
device 100. 
As illustrated in these views, a horizontal width of the 

lighting region of each LED 122 is made Smaller than a 
vertical width, so that a horizontal angle 01 of light emitted 
from the LED 122 can be made narrower than a vertical angle 
02 (01<02). Therefore, horizontally spatial spread of light 
(including cross talk between the lighting regions) can be 
made narrower than vertically spatial spread of light. This 
makes it possible to cause a reduction in contrast to be less 
perceivable to an observer positioned in a wide viewing angle 
in the left-and-right direction. 

Note that, in addition to the foregoing configuration, a 
diffusion control member such as a lens or the like can be 
provided on a surface of each LED 122 or in the vicinity of 
each LFD 122, so as to control spread of light emitted from 
the LED 122. For example, a diffusion control member may 
be provided so as to Suppress horizontal spread of light emit 
ted from the LED 122. 

FIG. 4 is a graph showing luminance distribution around a 
certain lighting region 124 which luminance distribution is 
observed when an LED 122 of only the certain lighting region 
124 is turned on. As illustrated in FIG.4, a horizontal width of 
each lighting region 124 is made Smaller than avertical width, 
so that horizontal spread of a cross talk part between the 
lighting regions can be made Smaller than the vertical spread. 
Thus, it is possible to provide an observer positioned in a wide 
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12 
viewing angle in a horizontal direction with a high quality 
image in which a reduction in contrast is suppressed. 

Note that, Non Patent Literature 1 describes such an inves 
tigation report that television viewing angles at a general 
home widely distribute within a range of +60° in a horizontal 
direction and +30° in a vertical direction. That is, under a 
general television viewing condition, an observer is likely to 
feel defectiveness of an image in horizontal viewing angles 
rather than the vertical viewing angles, which defectiveness is 
caused by a luminance difference depending on a position of 
a black display part. Thus, by making the horizontal width of 
each lighting region 124 smaller than the vertical width in the 
manner described in the present embodiment, it is possible to 
(i) Suppress the degree of the reduction in contrast, perceiv 
able to a television observer in a general home, and thereby 
(ii) provide the observer with a higher quality image. 
Note that, in order to satisfy the foregoing relationship, the 

number of pieces obtained by dividing the lighting region is 
set So as to satisfy the following expression (4) where H is a 
vertical width of an effective lighting region of the backlight 
unit 120, V is a horizontal width the effective lighting region, 
his the number of lighting regions divided in a vertical direc 
tion, and V is the number of lighting regions divided in a 
horizontal direction. 

H> XHAY (4) 

Further, the present embodiment describes the configura 
tion in which the backlight unit 120 includes a large number 
of LEDs 122 as light source units, but the configuration of the 
light source unit is not limited to this. For example, it is 
possible to use: a light source unit including another light 
source such as an EL or the like; or a light source unit obtained 
by combining a light source with an optical member Such as 
a light guide, a mirror, a micro lens, or the like, for example. 

Further, the present embodiment describes the configura 
tion in which each lighting region 124 includes a single LED 
122, but the number of lighting regions 124 is not necessarily 
identical to the number of light Sources. For example, a plu 
rality of light source units can constitute a single lighting 
region. Note that, in a case of the configuration in which the 
number of the light source units is the same as the number of 
the lighting regions, a cycle at which the light source units are 
disposed has to be set so that bl (V)-bl (H), in order to make 
the horizontal width of each lighting region Smaller than the 
vertical width. However, in a case of the configuration in 
which the plurality of light source units constitute a single 
lighting region, the cycle at which the light source units are 
disposed does not have to be set in this manner, so that the 
backlight unit 120 can be more freely designed. 

Further, the number of divided effective lighting regions 
(the number of the lighting regions 124) in the backlight unit 
120 is not limited to the foregoing number. In order to sup 
press a reduction in contrast due to cross talk between the 
lighting regions, it is preferable to increase the number of 
lighting regions, that is, the number of the divided effective 
lighting regions. 

FIG. 5 is a graph showing an influence of cross talk around 
a white display region in a case where a certain lighting region 
is white display and the other lighting regions are black dis 
play in a configuration in which the number of pieces 
obtained by dividing the backlight unit is 12 (3 in a vertical 
directionX4 in a horizontal direction) and in a configuration in 
which the number of pieces obtained by dividing the back 
light unit is 48 (6 in a vertical directionx8 in a horizontal 
direction). As illustrated in FIG. 5, by increasing the number 
of the lighting regions (divided effective lighting regions), it 
is possible to make spread of the cross talk part between the 
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lighting regions narrower. Thus, the observer is less likely to 
feel a change in luminance in the black display depending on 
a position in the vicinity of a border between the white display 
and the black display, so that the observer is less likely to feel 
defectiveness of the image. 

COMPARATIVE EXAMPLE1 

FIG. 6 is a view schematically illustrating a configuration 
of a liquid crystal display device 100' in accordance with 
Comparative Example 1. As illustrated in FIG. 6, the liquid 
crystal display device 100' includes a liquid crystal panel 110 
and a backlight unit 120". Note that, the liquid crystal panel 
110 provided to the liquid crystal display device 100' is con 
figured in the same manner as the liquid crystal panel 110 
provided to the liquid crystal display device 100. 

FIG. 7 is a view schematically illustrating a configuration 
of the backlight unit 120'. As illustrated in FIG. 7, the back 
light unit 120' includes a substrate 121 and an optical member 
123. The substrate 121 and the optical member 123 which are 
provided on the backlight unit 120' are configured in the same 
manner as the substrate 121 and the optical member 123 
which are provided on the backlight unit 120. However, the 
backlight unit 120' is different from the backlight unit 120 in 
the number of LEDs 122 provided on the substrate 121, the 
number of lighting regions 124', and a size of each lighting 
region 124'. 

That is, the backlight unit 120 of the liquid crystal display 
device 100 is configured so that the effective lighting region is 
divided into 9 pieces in a vertical direction and is divided into 
18 pieces in a horizontal direction so as to form 162 lighting 
regions 124. On the other hand, the backlight unit 120' of the 
liquid crystal display device 100' is configured so that the 
effective lighting region is divided into 10 pieces in the ver 
tical direction and is divided into 16 pieces in the horizontal 
direction so as to form 160 lighting regions 124'. Thus, as 
illustrated in FIG. 7, a size of each lighting region 124' is 
46.08 mm in the vertical direction and 51.2 mm in the hori 
Zontal direction. 

FIG. 8 is a graph showing luminance distribution around a 
certain lighting region 124' which luminance distribution is 
observed when an LED 122 of only the certain lighting region 
124 is turned on. As illustrated in FIG. 8, spread with respect 
to a spatial position of a cross talk part between the lighting 
regions in the backlight unit 120' is greater in the horizontal 
direction than in the vertical direction. 

FIG. 9 is a graph showing (i) luminance distribution hori 
Zontally around a certain lighting region 124 which lumi 
nance distribution is observed when an LED 122 of only the 
certain lighting region 124 in the backlight unit 120 is turned 
on and (ii) luminance distribution horizontally around a cer 
tain lighting region 124' which luminance distribution is 
observed when an LED 122 of only the certain lighting region 
124 in the backlight unit 120' is turned on. As illustrated in 
FIG. 9, the backlight unit 120 in accordance with the present 
embodiment can decrease the horizontal spread of the cross 
talk part between the lighting regions more greatly than the 
backlight unit 120' in accordance with Comparative Example 
1. 

FIG. 10 is a graph showing luminances of a display image 
viewed from a direction whose angle is 60° with respect to a 
horizontal direction (the contrast of the liquid crystal panel 
110 is 550 in this viewing direction) in a case where a part of 
the effective lighting region is white display and a partaround 
the white display is black display and a light luminance of the 
white display is increased and a light luminance of the black 
display is decreased, in each of the liquid crystal display 
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14 
device 100 and the liquid crystal display device 100'. Note 
that, an upper graph and a lower graph of FIG. 10 show the 
same data but they are different from each other in a range of 
a vertical axis (the lower graph is obtained by enlarging a low 
luminance part of the upper graph). As shown in FIG. 10, the 
liquid crystal display device 100 in accordance with the 
present embodiment can more greatly decrease a luminance 
change depending on a position of the black display part, 
which change occurs due to the cross talk between the light 
ing regions, than the liquid crystal display device 100' in 
accordance with Comparative Example 1, under a condition 
where an image is viewed at an angle of 60° with respect to a 
horizontal direction. This makes it possible to cause defec 
tiveness to be less perceivable to the observer. 

Embodiment 2 
Another embodiment of the present invention is described 

below. FIG. 11 is a view schematically illustrating a configu 
ration of a liquid crystal display device 200 in accordance 
with the present embodiment. As illustrated in FIG. 11, the 
liquid crystal display device 200 includes a liquid crystal 
panel 210 and a backlight unit 220. Further, the liquid crystal 
display device 200 is provided to a television receiver and 
displays an image of a television broadcast received by a 
receiving device (not illustrated). 
As the liquid crystal panel 210, a VA-mode liquid crystal 

panel is used. However, the configuration is not limited to this 
as long as the liquid crystal panel 210 is a transmissive liquid 
crystal panel which can carry out multiple grayscale display. 
For example, it is possible to use a liquid crystal panel in 
another mode such as TN mode, VA mode, OCB mode, or the 
like. Note that, a publicly known liquid crystal panel can be 
used as the liquid crystal panel, so that explanations thereof 
are omitted here. 
A screen size of the liquid crystal panel 210 is 52 inch, and 

a ratio of a length in a vertical direction and a length in a 
horizontal direction under a standard installation condition in 
use is 9:16. Accordingly, an effective display size of the liquid 
crystal panel 110 is 648 mm in the vertical direction and 1152 
mm in the horizontal direction. 

FIG. 12 is a view schematically illustrating a configuration 
of the backlight unit 220. As illustrated in FIG. 12, the back 
light unit 220 includes a substrate 121 and an optical member 
123. The substrate 121 and the optical member 123 are con 
figured in the same manner as those provided on the backlight 
unit 120 of Embodiment 1. However, the substrate 121 and 
the optical member 123 are different from those of Embodi 
ment 1 in the number of LEDs provided on the substrate 121 
and the number of lighting regions. 
As in the liquid crystal panel 210, an effective lighting 

region of the backlight unit 220 is 648 mm in a vertical 
direction and 1152 mm in a horizontal direction. In the 
present embodiment, the effective lighting region of the back 
light unit 220 is divided into 7 pieces in the vertical direction 
and is divided into 24 pieces in the horizontal direction so as 
to form 168 lighting regions 224. Accordingly, a size of each 
lighting region 224 is 92.57 mm in the vertical direction and 
48 mm in the horizontal direction. In this manner, in the 
present embodiment, each lighting region has a smaller width 
in the horizontal direction than in the vertical width of the 
lighting region, as in Embodiment 1. 

Further, in the present embodiment, each lighting region 
224 includes two LEDs 122 (336 LEDs 122 in the entire 
backlight unit 220) which are disposed so that a vertical 
interval between the two LEDs 122 is 46.285 mm in each 
lighting region 224. That is, a size of each lighting region 224 
is 92.57 mm in the vertical direction and 48 mm in the hori 
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Zontal direction, and a cycle (pitch) at which the LEDs 122 are 
disposed is 46.285 mm in the vertical direction and 48 mm in 
the horizontal direction. 

Further, the liquid crystal display device 200 includes a 
control section 130 for controlling operations of the liquid 
crystal panel 210 and the backlight unit 220, as in the liquid 
crystal display device 100 in accordance with Embodiment 1. 
The control section 130 adjusts a light luminance level of 
each lighting region 224, i.e., light intensity of LEDs 122 
provided on each lighting region 224, in accordance with a 
grayscale level S of each pixel included in a display region 
corresponding to each lighting region 224 which grayscale 
level is indicated by an input image signal. Further, in accor 
dance with (i) the grayscale level of each pixel which gray 
scale level is indicated by the input image signal and (ii) the 
light luminance level of each lighting region 224, the control 
section 130 converts the input image signal into a conversion 
image signal so that a reduction in the contrast, due to cross 
talk between the lighting regions, is Suppressed, and the con 
trol section 130 drives the liquid crystal panel 210 in accor 
dance with the conversion image signal thus generated. As a 
result, out of the entire screen, a part including a large amount 
of bright image information can increase a light luminance of 
a corresponding lighting region 224 and a part including dark 
image information can adversely decrease the light lumi 
nance of the corresponding lighting region 224, thereby car 
rying out high quality display with its contrast effectively 
improved. Note that, a specific configuration and a specific 
function of the control section 130 are the same as those in 
Embodiment 1, so that explanations thereofare omitted here. 
As described above, in the present embodiment, a size of 

each lighting region 224 is arranged so that its horizontal 
width is smaller than its vertical width. This makes it possible 
to provide an observer positioned in a wide viewing angle 
range the horizontal direction, with a high quality image in 
which a reduction in contrast is Suppressed. 

(a) of FIG. 23 is an explanatory view illustrating horizontal 
cross sections of the liquid crystal display panel 110 and the 
backlight unit 120 in the liquid crystal display device 100. (b) 
of FIG. 23 is an explanatory view illustrating vertical cross 
sections of the liquid crystal panel 110 and the backlight unit 
120 in the liquid crystal display device 100. 
As illustrated in these views, each lighting region lighted 

by the LED 122 is caused to have a smaller width in the 
horizontal direction than in the vertical direction, so that a 
horizontally spreading angle of light emitted from the LED 
122 can be made narrower than avertically spreading angle of 
the light. Thereby, horizontal spatial spread of light, including 
cross talk between the lighting regions, can be made narrower 
than vertically spatial spread of light. This makes it possible 
to cause a reduction in contrast to be less perceivable to an 
observer positioned in a wide viewing angle range a left-and 
right direction. 

FIG. 13 is a graph showing luminance distribution around 
a certain lighting region 224 which luminance distribution is 
observed when two LEDs 122 of only the certain lighting 
region 224 are turned on. That is, FIG. 13 shows synthesis of 
luminance distributions resulting from light emission of the 
two LEDs 122 when the two LEDs 122 provided on the 
lighting region 224 are turned on. As shown in FIG. 13, a 
horizontal width of each lighting region 224 is made Smaller 
than a vertical width of the lighting region 224, so that hori 
Zontal spread of a cross talk part between the lighting regions 
can be made Smaller than vertical spread. This makes it pos 
sible to provide an observer positioned in a wide viewing 
angle range in the horizontal direction, with a high quality 
image in which a reduction in contrast is suppressed. 
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Note that, Non Patent Literature 1 describes such an inves 

tigation report that television viewing angles at a general 
home widely distribute in a range of +60° in a horizontal 
direction and +30° in a vertical direction. That is, under a 
general television viewing condition, image defectiveness 
caused by a luminance difference depending on a position of 
the black display part is more perceivable to an observer at a 
horizontal viewing angle than at a vertical viewing angle. 
Therefore, by making a horizontal width of each lighting 
region 224 Smaller than a vertical width of the lighting region 
224 as in the present embodiment, it becomes possible to (i) 
Suppress a degree of a reduction in contrast, perceivable to an 
observer in a general home television, and thereby (ii) provide 
the observer with a higher quality image. 

COMPARATIVE EXAMPLE 2 

FIG. 14 is a view schematically illustrating a configuration 
of a liquid crystal display device 200' in accordance with 
Comparative Example 2. As illustrated in FIG. 14, the liquid 
crystal display device 200' includes a liquid crystal panel 210 
and a backlight unit 220'. Note that, the liquid crystal panel 
210 provided to the liquid crystal display device 200' is con 
figured in the same manner as the liquid crystal panel 210 
provided to the liquid crystal display device 200. 

FIG. 15 is a view schematically illustrating a configuration 
of the backlight unit 220'. As illustrated in FIG. 15, the back 
light unit 220" includes a substrate 121 and an optical member 
123. The substrate 121 and the optical member 123 which are 
provided on the backlight unit 220" are configured in the same 
manner as the substrate 121 and the optical member 123 
which are provided on the backlight unit 220 of the liquid 
crystal display device 200. However, the backlight unit 220' is 
different from the backlight unit 220 of the liquid crystal 
display device 200 in the number of LEDs 122 provided on 
the Substrate 121, the number of lighting regions 224', and a 
size of each of the lighting regions 224'. 

That is, the backlight unit 220 of the liquid crystal display 
device 200 is arranged so that the effective lighting region is 
divided into 7 pieces in a vertical direction and into 24 pieces 
in a horizontal direction so as to form 168 lighting regions 
224. On the other hand, the backlight unit 220" of the liquid 
crystal display device 200' is arranged so that the effective 
lighting region is divided into 14 pieces in the vertical direc 
tion and into 12 pieces in the horizontal direction so as to form 
168 lighting regions 224'. Thus, as illustrated in FIG. 15, a 
size of each lighting region is 46.285 mm in the vertical 
direction and 96 mm in the horizontal direction. 

Further, in the backlight unit 220', each lighting region 224 
includes two LEDs 122 (336 LEDs 122 in the entire backlight 
unit 220) which are disposed so that a vertical interval 
between the two LEDs is 48 mm in each lighting region 224'. 
That is, a size of each lighting region 224 is 46.285 mm in the 
vertical direction and 96 mm in the horizontal direction, and 
a cycle (pitch) at which the LEDs 122 are disposed is 46.285 
mm in the vertical direction and 48 mm in the horizontal 
direction. 

FIG. 16 is a graph showing luminance distribution around 
a certain lighting region 224' which luminance distribution is 
observed when two LEDs 122 of only the certain lighting 
region 224" is turned on. As shown in FIG. 16, spread with 
respect to a spatial position of a cross talk part between the 
lighting regions of the backlight unit 220' is greater in the 
horizontal direction than in the vertical direction. 

FIG. 17 is a graph showing (i) luminance distribution hori 
Zontally around a certain lighting region 224 which lumi 
nance distribution is observed when two LEDs 122 of only 
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the certain lighting region are turned on (synthesis of lumi 
nance distributions of light emitted from two LEDs 122, 
provided on the lighting region 224, when these two LEDs 
122 are turned on) and (ii) luminance distribution horizon 
tally around a certain lighting region 224 which luminance 
distribution is observed when two LEDs 122 of only the 
certain lighting region 224' are turned on (synthesis of lumi 
nance distributions of light emitted from two LEDs 122, 
provided on the lighting region 224', when these two LEDs 
122 are turned on). As shown in FIG. 17, the backlight unit 
220 in accordance with the present embodiment can more 
greatly reduce the horizontal spread of the cross talk part 
between the lighting region than the backlight unit 220" in 
accordance with Comparative Example 2. 

FIG. 18 is a graph showing luminances of a display image 
viewed from a direction whose angle is 60° with respect to a 
horizontal direction (the contrast of the liquid crystal panel 
210 is 210 in this viewing angle direction) in a case where a 
part of the effective lighting region is white display and a part 
around the white display is black display and a light lumi 
nance of the white display is increased and a light luminance 
of the black display is decreased, in each of the liquid crystal 
display device 200 and the liquid crystal display device 200'. 
Note that, an upper graph and a lower graph of FIG. 18 show 
the same data but they are different from each other in a range 
of a vertical axis (the lower graph is obtained by enlarging a 
low luminance part of the upper graph). As shown in FIG. 18. 
the liquid crystal display device 200 in accordance with the 
present embodiment can more greatly decrease a luminance 
change depending on a position of the black display part, 
which change occurs due to the cross talk between the light 
ing regions, than the liquid crystal display device 200' in 
accordance with Comparative Example 2, under a condition 
where animage is viewed at an angle of 60° with respect to the 
horizontal direction. This makes it possible to cause defec 
tiveness to be less perceivable to the observer. 

Further, in the present embodiment, the backlight unit 220 
is arranged so that each lighting region 224 includes two 
LEDs 122 as a light Source unit. In this manner, a plurality of 
LEDs 122 constitute a single lighting region, so that it is 
possible to more freely determine: a cycle at which the LEDs 
122 are disposed; and a size of each lighting region. 

Note that, two LEDs 122 are disposed on each lighting 
region 224, but the configuration is not limited to this, and the 
number of LEDs 122 provided on each lighting region 224 
may be arbitrarily set. Further, the present embodiment 
describes the light Source unit using LEDs, but the configu 
ration of the light source unit is not limited to this. For 
example, it is possible to use a light source unit including 
another light Source Such as an EL or the like, or a light Source 
unit obtained by combining a light Source with an optical 
member Such as a light guide, a mirror, or a micro lens, for 
example. 

Further, in each of the foregoing embodiments, each sec 
tion (each block) constituting the control section 130 pro 
vided to each of the liquid crystal display devices 100 and 200 
is realized by software using a processor such as a CPU or the 
like. That is, the control section 130 includes: a CPU (central 
processing unit) which executes a control program realizing 
each of the functions; a ROM (read only memory) in which 
the program is stored; a RAM (random access memory) 
which develops the program; a storage device (storage 
medium) Such as a memory in which the program and various 
kinds of data are stored; and the like. Further, the object of the 
present invention can be achieved in the following manner: a 
storage medium for computer-readably storing a program 
code (an execute form program, intermediate code program, 
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or source program) of the control program of each of the 
liquid crystal display devices 100 and 200, which program is 
Software for implementing the aforementioned functions, is 
provided to each of the liquid crystal display devices 100 and 
200, and a computer (or CPU and MPU) of each of the liquid 
crystal display devices 100 and 200 reads out the program 
code stored in the storage medium so as to implement the 
program. 

Examples of the storage medium which satisfies these con 
ditions include: tapes, such as magnetic tapes and cassette 
tapes; disks including magnetic disks, such as floppy DiskS(R) 
and hard disks, and optical disks, such as CD-ROMs, mag 
netic optical disks (MOs), mini disks (MDs), digital video 
disks (DVDs), and CD-Rs; cards, such as IC cards (including 
memory cards) and optical cards; and semiconductor memo 
ries, such as mask ROMs, EPROMs, EEPROMs, and flash 
ROMS. 

Further, it may be so configured that: each of the liquid 
crystal display devices 100 and 200 is made connectable to 
communication networks, and the program code is Supplied 
via the communication networks. The communication net 
works are not limited to specific means. Specific examples of 
the communication network include the Internet, an intranet, 
an extranet, a LAN, an ISDN, a VAN, a CATV communica 
tion network, a virtual private network, a telephone line net 
work, a mobile communication network, a satellite commu 
nication network, and the like. Further, a transmission 
medium constituting the communication network is not par 
ticularly limited. Specifically, it is possible to use a wired line 
such as a line in compliance with an IEEE 1394 standard, a 
USB line, a power line, a cable TV line, a telephone line, an 
ADSL line, and the like, as the transmission medium. Further, 
it is possible to use (i) a wireless line utilizing an infrared ray 
used in IrDA and a remote controller, (ii) a wireless line which 
is in compliance with a Bluetooth Standard(R) or an 
IEEE802.11 wireless standard, and (iii) a wireless line utiliz 
ingan HDR, a mobile phone network, a satellite line, a ground 
wave digital network, and the like, as the transmission 
medium. Note that, the present invention can be realized by a 
computer data signal which is realized by electronic trans 
mission of the program code and which is embedded in a 
carrier wave. 

Further, each block of the control section 130 is not nec 
essarily realized by software but may be realized by hardware 
logic. A combination of hardware for carrying out part of 
processing and calculation means for executing Software for 
controlling the hardware and carrying out the rest of the 
processing may be used. 

Further, in the embodiments described above, each of the 
liquid crystal display devices 100 and 200 is provided to a 
television receiver, but the configuration is not limited to this. 
For example, each of the liquid crystal display device 100 and 
200 may be used as a monitor of a personal computer or the 
like, and may display an image corresponding to an image 
signal inputted from a reproducing device of a video tape, a 
DVD, or the like. 
The present invention is not limited to the description of the 

embodiments above, but may be altered by a skilled person 
within the scope of the claims. An embodiment based on a 
proper combination of technical means disclosed in different 
embodiments is encompassed in the technical scope of the 
present invention. 

INDUSTRIAL APPLICABILITY 

The present invention is applicable to a liquid crystal dis 
play device which controls a light luminance in accordance 
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with a lighting region. Particularly, it is possible to enhance 
contrast viewed by an observer in an oblique direction, so that 
the present invention is suitably applicable to a television 
receiver. 

The invention claimed is: 
1. A liquid crystal display device comprising: 
a liquid crystal display panel; 
lighting means including a plurality of lighting regions for 

lighting the liquid crystal display panel; 
driving means configured to drive the liquid crystal display 

panel so that animage is displayed inaccordance with an 
input image signal; and 

light control means configured to control a luminance of 
each of the plurality of lighting regions of the lighting 
means, in accordance with the input image signal, 

each of the lighting regions having a smaller width in a 
left-and-right direction of a display screen of the liquid 
crystal display panel than in an up-and-down direction 
of the display screen, wherein 

the light control means is configured to (i) detect, from 
input image signals for pixels in each of display regions 
which correspond respectively to the plurality of light 
ing regions on the display screen, a maximum grayscale 
level of each of the display regions (ii) set a light lumi 
nance of each of the plurality of lighting regions in 
accordance with a corresponding one of the maximum 
grayscale levels thus detected, and (iii) control, in accor 
dance with a corresponding one of light luminances thus 
set, a luminance of each of light sources, 

the liquid crystal display device further comprising: 
luminance distribution calculation means configured to 

calculate, in accordance with the light luminance set by 
the light control means for each of the plurality of light 
ing regions, luminance distribution of light entering 
from the lighting means into the liquid crystal display 
panel; and 

grayscale conversion means configured to convert, in 
accordance with the luminance distribution calculated 
by the luminance distribution calculation means, the 
input image signal into a conversion image signal, 
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the driving means being configured to drive the liquid 

crystal display panel so that an image is displayed in 
accordance with the conversion image signal. 

2. The liquid crystal display device according to claim 1, 
wherein: 

the lighting means has an effective lighting region of a 
rectangle shape; and 

the lighting means is configured to emits light, toward the 
liquid crystal display panel, from the effective lighting 
region in which the plurality of lighting regions are 
disposed in matrix. 

3. The liquid crystal display device according to claim 1, 
wherein: 

the lighting means includes a light source unit in each of the 
plurality of lighting regions; and 

the light control means controls the luminance of each of 
the plurality of lighting regions by controlling light 
intensity of the light source unit included in each of the 
plurality of lighting regions. 

4. The liquid crystal display device according to claim 3, 
wherein: 

the lighting means includes a plurality of the light Source 
units in each of the plurality of lighting regions. 

5. The liquid crystal display device according to claim 3, 
wherein: 

the light source unit is an LED. 
6. The liquid crystal display device according to claim 1, 

further comprising: 
luminance distribution calculation means for calculating, 

in accordance with the luminance set by the light control 
means for each of the plurality of lighting regions, lumi 
nance distribution of light entering from the lighting 
means into the liquid crystal display panel while taking 
into consideration of cross talk of light between the 
plurality of lighting regions; and 

grayscale conversion means for converting, in accordance 
with the luminance distribution calculated by the lumi 
nance distribution calculation means, the input image 
signal into a conversion image signal so that an influence 
of the cross talk on a display image is reduced, 

the driving means driving the liquid crystal display panel 
So that an image is displayed in accordance with the 
conversion image signal. 
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